Abstract. Random amplified polymorphic DNA (RAPD) analysis is currently used to estimate genetic relationships in plants. We have used RAPD analysis to distinguish six different cultivars of Ficus carica, and several of their clones, that are widespread in the Campania Region of Southern Italy. Among these cultivars, 'Bianco del Cilento' has unique characteristics, and is particularly useful for drying and for the manufacture of syrups. The protection of this cultivar is important to the Campania Region. We have utilized molecular markers to allow accurate identification of this cultivar, making it possible to control the quality of products and prevent fraudulent commerce. DNA was extracted from leaves and amplified by PCR using random oligonucleotide primers. The amplification patterns obtained with five decamer primers were useful for distinguishing all six cultivars analyzed. 'Bianco del Cilento' was identified by two primers. The banding patterns were scored and used in similarity value calculations to estimate genetic relationships.
these cultivars do not have as great a commercial value as 'Bianco del Cilento', they also have clonal variants.
Methods for the identification of fig cultivars are primarily based on plant morphological traits. These, however, are generally unreliable indicators of plant genotype, and are influenced by environmental factors. It is now feasible to identify variations at the DNA level that are not necessarily expressed phenotypically. Such variations can be identified by RAPD (Hattemer, 1991; Kaneko et al., 1986; Powell et al., 1991; Sigurgeirsson et al., 1991) , a DNA fingerprinting technique used to detect genomic polymorphisms. In the RAPD method, genomic DNA is amplified by polymerase chain reaction (PCR) under low stringency conditions using a single, short oligonucleotide primer of arbitrary sequence. The low stringency PCR conditions allow the primer to anneal to multiple sites on the genome, resulting in an array of amplified DNA fragments. Polymorphisms among individuals or closely related strains, such as different cultivars of a species, are detected as differences in banding patterns on an agarose or polyacrylamide gel (Caetano-Anolles et al., 1991; Castiglione et al., 1993; Demeke et al., 1993; Mulcahy et al., 1993) .
Here we report the application of RAPD analysis to fingerprint the cultivar Bianco del Cilento as well as the other cultivars of our region. Furthermore, we used RAPD to assess whether intra-varietal phenotypic differences observed in 'Bianco del Cilento' and in the other cultivars have resulted from genetic diversity, or are due to environmental factors.
Materials and Methods
Plant material. DNA isolation. Fresh fig leaves (1 g ) from one plant of each clone were ground to powder in the presence of liquid nitrogen. The powder was dissolved in urea buffer (0.35 M NaCl, 2% SDS, 50 mM Tris-HCl pH 8, 10 mM EDTA pH 8, 7 M urea), extracted twice with phenolchloroform and precipitated with 100% ethanol. To achieve further purification, the resulting DNA pellet was dissolved in urea buffer, and the above described procedure was repeated. The resulting DNA was dissolved in distilled water and treated with 5 µg·mL -1 of RNAse A for 60 min at 37 °C.
DNA amplification. We designed the twenty primers (U1-U20) that were tested in this study. Primers were obtained from Centro di Ingegneria Genetica (CE.IN.GE.), Naples, Italy (Table 1) . To obtain satisfactory RAPD amplification patterns we tested Taq DNA polymerases from Promega (Madison, Wis.), Life Technologies (Paisley, U.K.), Boehringer Italia (Monza, Italy), and Perkin Elmer (Branchburg, N.J.).
The PCR reaction was performed in 50 µL solution containing 10 mM Tris-HCl pH 8.3, 10 mM KCl, 3 mM MgCl 2 , 200 µM each of dATP, dCTP, dTTP, dGTP, 20 pmols of the primer, 2.5 U of Taq DNA polymerase, and 10 ng of fig DNA. The mixtures were assembled at 0 °C, then transferred to a Perkin Elmer thermalcycler, precooled at 4 °C. Reactions were incubated at 94 °C for 3 min and DNA amplification was performed for 45 cycles. Each cycle was at 94 °C for 1 min, at 40 °C for 1 min, at 72 °C for 1 min. Each PCR analysis was repeated from three to five times; only reproducible amplification patterns were utilized for further analyses.
Electrophoresis in agarose gel. The amplification products were separated by electrophoresis in 2% agarose gels in 1X TAE buffer (40 mM Tris-Acetate, 1 mM EDTA, pH 8.0) for 1 h at 100-120 volts. The gels were stained with 5 µg·mL -1 of ethidium bromide and photographed under UV light.
Similarity value calculation. Bands on agarose gels were scored as present or absent and a pairwise similarity matrix was constructed using the Dice coefficient: 2c/(a+b+2c) (Sneath and Sokal, 1973) . The similarity values were calculated as the doubled number of bands (2c) shared between two patterns divided by the sum of all the bands in the same patterns, which comprises bands present in one of two patterns (a), bands present in the other one (b) and shared bands (c).
Campania is the most important region in Italy for the production of edible figs (Ficus carica L.). The fig cultivar Bianco del Cilento has unique characteristics that make it particularly suitable for drying and syrup production, and is still used in herbal and dietetic preparations for its medicinal and therapeutic virtues (D'Alessandro, 1991) . Protection of the cultivar is of major importance to the Campania Region, and thus DNA fingerprint techniques are of great interest for its proper identification.
The more widespread clonal variants of 'Bianco del Cilento' are designated clones 151, 250, and 356. These originated in different areas of the Campania Region and have several morphological and/or phenological differences, such as fruit dimensions and flowering time. Some other fig cultivars that occur in the region include 'Dottato', 'Lumincedda', 'Melagrana', 'Petrelli', and 'Zecola'. Although
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Results and Discussion
Initial problems were encountered in the extraction of sufficiently pure DNA. The extraction methods based on a single step of purification in urea buffer (Doyle and Doyle, 1990) resulted in DNA unsuitable for PCR, and in fact no amplifications were obtained. A second treatment of DNA with urea buffer was essential to eliminate impurities, such as tannins, alkaloids, and flavones, present in the extract. These compounds can interact with the double-stranded DNA, interfering with PCR amplification (Bohm, 1987; De Jong, 1991; Godard et al., 1994; Mergny et al., 1992) . In a PCR reaction performed with AmpliTaq DNA polymerase (Stoffel Fragment), single extraction with urea buffer of DNA (lane a) resulted in an absence of amplification, while double extraction (lane b) resulted in amplification products (Fig. 1) . We also observed that RNAse treatment of the DNA preparation enhanced the reproducibility of PCR analysis (data not shown).
Different Taq DNA polymerases were tested in order to obtain satisfactory PCR amplification patterns. Under our PCR conditions, the Taq DNA polymerase from Promega, Life Technologies, and Boehringer Italia produced complex amplification patterns that were not readily reproducible. Use of Stoffel Fragment Taq DNA polymerase from Perkin Elmer, which lacks 5´ to 3´ nuclease activity, facilitated the creation of smaller PCR product with enhanced reproducibility. The same DNA target used above was amplified in a reaction buffer containing 1 mM (lane b), 1.5 mM (lane c), 2 mM (lane d), or 3 mM (lane e) MgCl 2 , and reproducible amplification patterns were obtained over a broad range of magnesium concentrations (Fig. 1) . Our optimized RAPD reaction also showed reproducibility among individual extractions of the same clone (Fig.  1 , from lane f to lane q).
Polymorphisms were observed among the six cultivars of Ficus carica using the RAPD procedure. Although the primers U8, U12, and U18 produced conserved amplified DNA fragments common to all the cultivars, the other 17 primers, including U1, U3, U4, U11, and U14, yielded RAPD bands useful for identification. The number of amplified DNA products was cultivar-and primer-dependent. A minimum of one (primer U13) and a maximum of 15 (primer U2) DNA fragments were observed. The size of amplified DNA bands ranged from ≈200 to 1400 base pairs (Table 1) .
The combination of primer U1, U3, U4, U11, and U14 allowed us to distinguish all the cultivars of Ficus carica analyzed. In particular, 'Bianco del Cilento' was successfully identified by the RAPD fingerprint obtained with the primers U4 and U1. With primer U1 the 'Bianco del Cilento' clones 151, 250, and 356 ( Fig. 2A, lanes b, c, and d) gave identical RAPD profiles, while the clones of the other cultivars, such as 'Lumincedda' 383 and 74 ( Fig. 2A, lanes i, k) , were quite different from each other.
With the primer U4, 'Bianco del Cilento' clones 151, 250, and 356 (Fig. 2B, lanes b, c, 5´-CAATCGCCGT-3´15 14
5´-GAATGGGAGG-3´9 3 and d) produced different amplification patterns. Their profiles were also different from those of the remaining clones (lanes a and em). Other clonal variants were also identified with this primer. For example, the 'Lumincedda' clones 383 and 74 (Fig. 2B,  lanes i, k) were different from each other and from the clones of the other cultivars. Likewise, the 'Zecola' clones 344 and 264 (Fig.  2B, lanes l, m) were distinguishable from each other and from the other clonal variants.
The results of the amplified profiles shown in Figs. 2A and 2B , along with the other RAPD profiles that we obtained, seem to indicate substantial genetic variability among cultivars. Furthermore, some of them, such as 'Dottato' and 'Lumincedda', exhibit genetic differences among the clones. 'Bianco del Cilento' appeared to be the most homogenous cultivar. To verify that only the clones of 'Bianco del Cilento' had substantial genetic homogeneity, a band-sharing analysis was performed. DNA bands on agarose gels were scored as present or absent and data obtained were used to produce the similarity matrix index ( Table 2 ). The analysis of the matrix based on the Dice similarity indices indicates that the clones of the cultivar Bianco del Cilento are substantially homogeneous genetically (Dice index > 0.9). On the other hand, the clones of the other cultivars were more distinct from each other.
The very low level of heterogeneity observed among the clones of 'Bianco del Cilento' might indicate a common origin. This could be due to the clonal selection for high-quality fruits that has increased the exchange and the utilization of the same propagation material in different areas. The morphological and phenological differences observed among the 'Bianco del Cilento' clones could be due to the influence of either environmental or genetic factors. Natural mutations could have occurred, resulting in intra-cultivar phenotypic variability. Since we have analyzed only a small percentage of the fig genome, and have not set up appropriate multi-environmental trials, we are not able to determine which factor has had the main influence.
The RAPD fingerprints produced with primers U1, U3, U4, U11, and U14 allowed us to discriminate among all the Ficus carica cultivars present in the Campania Region, even among those that cannot be distinguished on the basis of morphological and phenological traits, such as 'Dottato' and 'Bianco del Cilento'. Therefore, the use of molecular methods to identify fig genotypes is an efficient way to control the quality of products and to prevent fraudulent commerce.
In conclusion, the present study has demonstrated that RAPDs provide a single and reliable method for identification of Ficus carica cultivars, selected from the Campania Region in South Italy. 
